FSSs applications have also been presented in the fields of millimeter-wave quasi-optical filters and diplexers, dichroic surfaces for reflectors and large aperture antennas' subreflectors and absorbers [7] [8] [9] [10] . Fractal geometries have been extensively implemented in the design of multiband antennas and FSSs.
This paper investigates the behavior of a modification in the Jerusalem Cross FSS (JC-FSS) [11] [12] [13] . This modification consists in replicating the JC geometry in different scales to provide a multiband structure without changing the area occupied by the primary structure, hereby called Modified Jerusalem Cross Frequency Selective Surface (MJC-FSS). These modifications present auto-similarity fractal characteristics where each fractal level consists in adding a rescaled JC geometry. It is presented structures for three fractal levels. The third level presents five resonant frequencies which are f 1 =1.78 GHz, f 2 =6.42 GHz, f 3 =8.69 GHz, f 4 =10.94 GHz and f 5 =12.98 GHz.
These frequencies of the Multiband FSS have applications in satellite communication [14] , electromagnetic absorbers used in panels for blocking wireless signals and shielding internal environments [15, 16] , passive RFID chips based on multiband FSS [17] and reflectors for antennas operating in the S and K u band [18, 19] The JC-FSS presents dual stop-band frequency response and orientation-insensitiveness (resonance occurs for both vertical and horizontal polarizations) due to its symmetrical geometry [6] .
The first resonant frequency is mainly caused by the cross dipole with length l d , as well as the second resonant frequency is related to the perpendiculars dipoles with length l 0 .
A. Modified Jerusalem Cross
The proposed unit cells of the modified JC-FSS (MJC-FSS) are shown in Fig. 2 . The Fig. 2(a) shows This procedure gives the structure fractal characteristics because of its self-similarity. Other parameter that indicates the fractal characteristics is the fractal dimension [1, 3] . When the fractal dimension is non-integer, the geometry can be classified as a fractal [20] . According to the box counting method [1, 3] , the fractal dimension for the third interaction of the MJC-FSS is non-integer and approximately 1.5, which indicates that the structure can be fractal. In the JC-FSS, the cross dipole is responsible for the first resonant frequency and the perpendicular dipoles for the second one; therefore, it is expected that the new dipoles result in the appearance of new resonant frequencies. This way, the first fractal level, shown in Fig. 2(a) , is expected to present three resonant frequencies, the second fractal level, shown in 
IV. RESULTS AND DISCUSSION

A. Insertion Loss (|S21|)
This section presents the measured and simulated results for the proposed FSSs considering a normal incidence angle of a plane wave.
In order to validate the simulations, a 9x9 array of the JC-FSS and of the three fractal levels of the MJC-FSS were fabricated as shown in Fig. 3 . The substrate used was FR-4 (h = 1 mm, εr = 4,4, tanδ = 0.02) with dimensions of 20 cm x 20 cm. The Table 1 summarizes the simulated and measured resonant frequencies. Because of coupling effects, the resonant frequency of a dipole can be shifted when a new dipole is inserted. However, on this design, these shifts were small. When new dipoles were inserted, the f 1 had a maximum shift of 2.5%, f 2 had a maximum shift of 4.7%, f 3 had a maximum shift of 4.3% and f 4 had a maximum shift of 7.6% considering the measured values. These small shifts indicate that the coupling between the dipoles is low; therefore, an independent control of frequency in each fractal level is possible.
Comparing the simulated and measured results at the third fractal level, there was a shift of 2.7% at the first resonant frequency, 0.8% at the second resonant frequency, 2.8% at the third resonant frequency, 3.4% at the fourth resonant frequency, 5.7% at the fifth resonant frequency. A good agreement is observed between measured and simulated results. The shift at the f 1 , f 4 and f 5 can be attributed to the small gain of the horn antennas used to measure this frequency bands and to standing wave effects.
Papers [21] [22] [23] also investigate fractal FSSs. In [21] , the proposed fractal FSS provides only one resonant band. In [22, 23] , FSSs fractal based on Sierpinski and Cross dipole presented three resonant bands spaced by scalar factor of two, which is determined by the FSS geometry. The structure developed in this paper is able to achieve five or more bands which can be easily adjusted varying the dipoles length. Table 1 Measured and simulated resonant frequency characteristics. which shows each resonant frequency as a function of the incident angle.
Fractal level
Comparing the incident angle of 45º and normal incidence at the third fractal level, there is a shift of 6.3% at the first resonant frequency, 7.1% at the second resonant frequency, 2.26% at the third resonant frequency, 0.1% at the fourth resonant frequency and 2.7% at the fifth resonant frequency.
As the frequency shift is small when the plane wave incident angle is varied, the structures have a good angular stability. It is observed that in 1.85 GHz, the current induced in the central dipole is more intense, meaning that it is the main responsible structure for this resonant frequency (Fig. 8a) .
The same analysis is done for the other frequencies as shown in Figure 8 
